Secretory Immunoglobulin A (SIgA) is the most abundant antibody at the mucosal surface. SIgA 17 possesses two additional subunits besides IgA: the joining chain (J-chain) and secretory component (SC). SC 18 is the ectodomain of the polymeric immunoglobulin receptor (pIgR), which functions to transport IgA to the 19 mucosa. The underlying mechanism of how the J-chain and pIgR/SC facilitates the assembly and secretion 20 of SIgA remains to be understood. During the infection of Streptococcus pneumoniae, a pneumococcal 21 adhesin SpsA hijacks SIgA and unliganded pIgR/SC to evade host defense and gain entry to human cells.
Introduction

28
The mucous membrane covers ~400 m 2 surface of internal organs in the human body. a salt bridge with Arg450 Fca2B . The b3-b4 loop contacts the Ca3-tailpiece junction of Fca1A (Supplementary 96 information, Fig. S3b ). Arg46 J forms an ion pair with Asp449 Fca1A . Leu56 J packs on Leu451 Fca1A . More 97 prominent interactions with Fca are mediated by the b5-b6 and C-terminal hairpins of the J-chain. The b5-98 b6 hairpin forms extensive interactions with the Ca2-Ca3 junction of Fca2B via two hydrophobic centers 99 ( Fig. 3c ). The first is formed between J-chain residues Val76 J , Leu78 J , Val83 J , and Fca2B residues 7 SC complex 17 . CDR1 mainly contacts the J-chain (Fig. 4a ). Val29 SC (superscript SC indicates pIgR/SC His32 SC packs against Tyr134 J . Besides these interactions with the J-chain, pIgR/SC also directly interacts 118 with IgA at several places (Fig. 4b) . For example, Arg34 SC in CDR1 forms a salt bridge with Glu363 Fca1B , the 119 aliphatic side chain of which also packs on Tyr55 SC in CDR2. The main chain carbonyl of Cys46 SC forms a 120 hydrogen bond with Asn362 Fca1B . Glu53 SC interacts with Arg346 Fca1A . Gly54 SC is covered by Phe345 Fca1A and loop of D3 and the C-C' strands of D4. Notably, this pocket is only present in the ligand-bound conformation abolished the binding of SpsA to SIgA 36 . Thr203 interacts with Asn282 SC . Notably, most of the SC residues 153 described here are not conserved in pIgR/SC from other species (Supplementary information, Fig. S5 ), 154 explaining the fact that SpsA only binds to human SIgA and pIgR/SC 36 . Besides the interactions mediated 155 by residues in the YRNYPT motif, Tyr206 forms a hydrogen bond with the main chain carbonyl group of
Discussion
Notably, SpsA evolves to bind to human pIgR/SC specifically, since it does not interact with SIgA and SC 182 from common laboratory animals including mouse, rat, rabbit, and guinea pig 36 . Indeed, residues in pIgR/SC 183 that participate in the interaction with SpsA are not conserved in these animals (Supplementary information, 184 Fig. S5 ). These differences underscore the fact that S. pneumoniae is a human-specific pathogen and should 185 be taken into consideration for the study of S. pneumoniae pathogenesis. On the other hand, the unique 186 property of SpsA to bind human SC with high selectivity and affinity may allow the development of 187 recombinant SpsA protein as a tool for efficient isolation and purification of human SIgA and SIgM.
Protein expression and purification
12 purification following standard procedure and eluted with 50 mM Tris-HCl, pH 8.0, 300 mM NaCl, and 500 211 mM imidazole. SpsA NTD was then further purified by gel filtration chromatography using a Superdex 200 212 increase column (GE Healthcare) and eluted using the binding buffer. To obtain the Fca-J-SC-SpsA NTD 213 quadruple complex, purified Fca-J-SC and SpsA NTD were mixed in an 1:2 molar ratio and incubated on ice for 214 1 h. The complex was then purified again on a Superdex 200 increase column and eluted using the binding 215 buffer.
217
Negative-staining and cryo-electron microscopy
218
The samples for EM study were prepared as previously described 17 . All EM grids were evacuated for 2 219 minutes and glow-discharged for 30 seconds using a plasma cleaner (Harrick PDC-32G-2). For the negative-220 staining study, four-microliter aliquots of the Fca-J-SC complex at 0.03 mg/ml were applied to glow-221 discharged carbon-coated copper grids (Zhong Jing Ke Yi, Beijing). After ~40 s, excessive liquid was removed 222 using a filter paper (Whatman No. 1). The grid was then immediately stained using 2% uranyl acetate for 10 s 223 and air dried. The grids were examined on a Tecnai G2 20 Twin electron microscope (FEI) operated at 120 224 kV. Images were recorded using a 4k ´ 4k CCD camera (Eagle, FEI). The Fca-J-SC-SpsA NTD sample was 225 stained and examined similarly.
226
To prepare the sample for cryo-EM analyses, four-microliter aliquots of Fca-J-SC (0.3 mg/ml) or 227 Fca-J-SC-SpsA NTD (0.2 mg/ml) were applied to glow-discharged holy-carbon gold grids (Quantifoil, 228 R1.2/1.3), blotted with filter paper at 4 °C and 100% humidity, and plunged into the liquid ethane using a 229 Vitrobot Mark IV (FEI). Grids screening was performed using a Talos Arctica microscope equipped with Residues in human pIgR/SC that are involved in binding to SpsA are highlighted in green boxes. 
